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tially decomposed by oxalic acid till the color is reduced to 
a bluish-black tinge. 

Application. — A suitable quantity of the re-agent, pre- 
pared as above, is added to a solution of free ammonia or 
its carbonate, in the same way that Nessler's solution of 
mercuric per-iodide is used in Manklyn's well-known pro- 
cess. 

Result. — The combination of the ammonia with part or 
all of the oxalic acid of the colorless ferric oxalate of the 
re-agent, and the blackening of the solution by the re-form- 
ation of ferric gallate. 

Estimation of Ammonia. — By an imitation of a standard 
solution of ammonia with the re-agent, as in Wanklyn's 
mode of Nesslerizing. When the solution to be tested 
and the imitation solution correspond in color, it is 
inferred that they contain equal quantities of ammonia. 
In this process the standard ammonia test should be made 
from the carbonate, and its strength may be such that one 
litre shall contain one milligramme of ammonia, or one 
part in a million. Another and more direct way of esti- 
mating ammonia is by adding a standard test solution of 
oxalic acid to the blackened solution of the re-agent and 
liquid to be tested, till the original color is produced, and 
from the known quantity of oxalic acid used to calculate 
the quantity of ammonia in the resulting oxalate. Chem- 
ists will find this re-agent both convenient and sensitive. 



THE UNITY OF NATURE. 
By the Duke of Argyll. 

In the preface to the first edition of the " Reign of Law," 
published in 1866, the following passage occurs : — "I had 
intended to conclude with a chapter on Law in Christian 
Theology. It was natural to reserve for that chapter all 
direct reference to some of the most fundamental facts of 
Human Nature. Yet, without such reference, the ' Reign 
of Law,' especially in the ' Realm of Mind,' cannot even 
be approached in some of its very highest and most impor- 
tant aspects. For the present, however, I have shrunk 
from entering upon questions so profound, and of such 
critical import, and so inseparably connected with religious 
controversy." 

The great subject spoken of in this passage has ever 
since been present with me. Time, indeed, has only in- 
creased my sense of its importance. But the years have 
also added, perhaps in more than equal proportion, to my 
sense of its depth and of its difficulty. What has to be 
done, in the first place, is to establish some method of in- 
quiry, and to find some secure avenue of approach. Before 
dealing with any part of the Theology which is peculiarly 
Christian, we must trace the connection between the Reign 
of Law ahd the ideas which are fundamental to all religions. 
It is to this preliminary work that the following chapters 
have been devoted. Modern Doubt has called in question 
not only the whole subject of inquiry, but the whole fac- 
ulties by which it can be pursued. Until these have been 
tested and examined by some standard which is elemen- 
tary and acknowledged, we cannot even begin the work. 

It has appeared to me that not a few of the problems 
which lie deepest in that inquiry, and which perplex us 
most, are soluble in the light of the Unity of Nature. Or 
if these problems are not entirely soluble in this light, at 
least they are broken up by it, and are reduced to fewer and 
simpler elements. The following chapters are an attempt 
to follow this conception along a few of the innumerable 
paths which it opens up, and which radiate from it through 
all the phenomena of the Universe, as from an exhaust- 
less centre of energy and of suggestion. 

It is the great advantage of these paths that they are al- 
most infinite in number and equally various in direction, 
To those who walk in them nothing can ever come amiss. 
Every subject of interest, every object of wonder, every 
thought of mystery, every obscure analogy, every strange 
intimation of likeness in the midst of difference — the whole 
external and the whole internal world — is the province and 
the property of him who seeks to see and to understand the 
Unity of Nature. It is a thought which may be pursued 
in every calling — in the busiest hours of an active life, and 
in the calmest moments of rest and of reflection. And if, 
in the wanderings of our own spirit and in the sins and 



sorrows of Human Life, there are terrible facts which resist 
all classification and all analysis, it will be a good result of 
our endeavors to comprehend the Unity of Nature, should 
it lead us better to see, and more definitely to understand, 
that which constitutes The Great Exception. 

I commend these chapters to the consideration, and I 
submit them to the criticism, of those who care for such 
inquiries. Like the former Work, of which this is a se- 
quel, some parts of it have appeared separately in another 
form. These have been reconsidered, and to some extent 
re-written ; whilst a new meaning has been given to the 
reasoning they contain by the place assigned to them in a 
connected treatise. 

The publication of it as a series of Articles, before its 
final appearance as a volume, will afford me, I hope, 
the advantage of hearing and of seeing what may be 
said and written of its errors or of its deficiencies. Per- 
haps, also, it may afford me an opportunity, before the 
whole of these Articles have appeared, of writing at least 
one more chapter on an important subject, for which leis- 
ure fails me now. 

I. 

GENERAL DEFINITIONS AND ILLUSTRATIONS OF THE UNITY OF 
NATURE — WHAT IT IS, AND WHAT IT IS NOT. 

The system of Nature in which we live impresses itself 
on the mind as one system. It is under this impression 
that we speak of it as the Universe. It was under the same 
impression, but with a conception specially vivid of its 
order and its beauty, that the Greeks called it the Kosmos. 
By such words as these, we mean that Nature is one whole 
— a whole of which all the parts are inseparably united — 
joined together by the most curious and intimate relations, 
which it is the highest work of observation to trace, and of 
reason to understand. 

I do not suppose that there is any need of proving this — 
of proving, I mean, that this is the general impression which 
Nature makes upon us. It may be well, however, to trace 
this impression to its source — to see how far it is founded 
on definite facts, and how far it is strengthened by such 
new discoveries as science has lately added to the knowl- 
edge of mankind. 

One thing is certain : that whatever science may have 
done, or may be doing, to confirm man's idea of the unity 
of Nature, science, in the modern acceptation of the term, 
did not give rise to it. The idea had arisen long before sci- 
ence in this sense was born. That is to say, the idea existed 
before the acquisition of physical knowledge had been 
raised to the dignity of a pursuit, and before the method 
and the results of that pursuit had been reduced to sys- 
tem. Theology, no doubt, had more to do with it. The 
idea of the unity of Nature must be at least as old as the 
idea of one God ; and even those who believe in the deriva- 
tion of Man from the savage and the brute, cannot tell us 
how soon the Manotheistic doctrine arose. The Jewish 
literature and traditions, which are at least among the old- 
est in the world, exhibit this doctrine of the purest form, 
and represent it as the doctrine of primeval times. 
The earliest indications of religious thought among the 
Aryan races point in the same direction. The records of 
that mysterious civilization which had been established on 
the Nile at a date long anterior to the call of Abraham, are 
more and more clearly yielding results in harmony with the 
tradition of the Jews. The Polytheism of Egypt is being 
traced and tracked through the ready paths which led to 
the fashioning of many Gods out of the attributes of One. 1 
Probably those who do not accept this conclusion as his- 
torically proved may hold rather that the idea of the unity 
of Nature preceded the idea of the unity of God, and that 
Monotheism is but the form in which that earlier idea be- 
came embodied. It matters not, so far as my present pur- 
pose is concerned, which of these two has been the real or- 
der of events. If the law prevailing in the infancy of our 
race has been at all like the law prevailing in the infancy of 
the individual, then Man's first beliefs were derived from 
authority, and not from either reasoning or observation. I 
do not myself believe that in the morning of the world The- 

1 Renouf, " Hibbert Lectures," 1879. p. 89. 



1 82 



SCIENCE. 



ism arose as the result of philosophical speculation, or as 
the result of imagination personifying the unity of external 
Nature. But if this were possible, then it would follow that 
while a perception of the unity or the unity of Nature must 
be at least as old as the idea of one Creator, it may be a 
good deal older. Whether the two ideas were ever actually 
separated in history, it is certain that they can be, and are, 
separated at the present time. A sense and a perception of 
the unity of Nature — strong, imaginative, and almost mys- 
tic in its character — is now prevalent among men over whom 
the idea of the personal agency of a living God has, to say 
the least, a much weaker hold. 

What, then, is this unity of Nature? Is it a fact or an 
imagination ? Is it a reality or a dream ? Is it a mere po- 
etic fancy incapable of definition ; or is it a conception 
firmly and legitimately founded on the phenomena of the 
world. 

But there is another question which comes before these. 
What do we mean by unity ? In what sense can we say 
that an infinite number and a variety of things are never- 
theless one ? This is an important question, because it is 
very possible to look for the unity of Nature in such a man- 
ner that, instead of extending our knowledge, or rendering 
it more clear and definite, we may rather narrow it, and 
render it more confused. It has been said that all know- 
ledge consists in the mere perception of difference. This is 
not accurate : but it is true that the perception of difference is 
the necessary foundation of all knowledge. For if it be 
possible to give any short definition of that in which essen- 
tially all knowledge consists, perhaps the nearest approach 
to such a definition would be this : that knowledge is the 
perception of relations. To know a thing and to under- 
stand it, is to know it in its relation to other things. 
But the first step in this knowledge is to know it as distin- 
guished from other things. The perception of difference 
comes before the perception of all other and higher relations. 
It is well, therefore, to remember that no increase of know- 
ledge can be acquired by a willful forgetfulness of distin- 
ctions. We may choose to call two things one, because 
we choose to look at them in one respect only, and to 
disregard them in other respects quite as obvious, and 
perhaps much more important. And thus we may create a 
unity which is purely artificial, or which represents nothing 
but a comparatively insignificant incident in the system of 
Nature. For as things may be related to each other in an 
infinite variety of ways — in form, or in size, or in substance, 
or in position, or in modes of origin, or in laws of growth, 
or in work and function — so there are an infinite number and 
variety of aspects in which unity can be traced. And these 
aspects rise in an ascending series according to the complete- 
ness of our knowledge of things, and according to the de- 
velopment of those intellectual faculties by which alone the 
higher relations between them can be perceived. For the 
perception of every relation, even that of mere physical con- 
tinuity, is purely the work of mind, and this work can only 
be performed in proportion to the materials which are sup- 
plied, and to the power of interpretation which is enjoyed. 
It is very easy to rest satisfied with the perception of the 
commoner and more obvious relations of things to each other, 
and even to be so engrossed with these as to be rendered 
altogether incapable of perceiving the finer and less palpable 
relations which constitute the higher unities of Nature. New 
relations, too, by no means obvious, but discovered by analy- 
sis, may, from the mere effect of novelty, engross atten- 
tion far beyond their real importance. Nay, more — it may 
be said, with truth, that this is a danger which, for a time at 
least, increases with the progress of science, because it 
must obviously beset special subjects of inquiry and special 
methods of research. The division of labor necessarily be- 
comes more and more minute with the complication of the 
work which is to be done, and branches out into a thousand 
channels of inquiry, each of which finds its natural termi- 
nation in the ascertainment of a special series of relations. 
The chemist is engaged with the elementary combinations 
of matter, and finds a unity of composition among things 
which in all other aspects are totally diverse. The anato- 
mist is concerned with structure, and separates widely be- 
tween things which may nevertheless be identical in chemi- 
cal composition. The physiologist is concerned with func- 
tion ; and, finding the same offices performed by a vast 
variety of structures, ranges them across all their differences 



under a single name. The comparative anatomist is con- 
cerned with the relative place or position of the parts in or- 
ganic structures ; and, although he finds the same part in 
different creatures performing widely different functions, 
he nevertheless pronounces them to be the same, and to be 
one in the homologies of an ideal archetype. But each of 
these inquirers may be satisfied with the particular unity 
which his own investigations lead him specially to observe, 
and may be blind altogether to the unity which is next 
above it. And so it may well be that the sense of unity in 
Nature, which Man has had from very early times, reflected 
in such words as the " Universe," and in his belief in one 
God, is a higher and fuller perception of the truth than is 
commonly attained by those who are engrossed by the labor- 
ious investigation of details. This is one of the many 
cases in which the intuitions of the mind have preceded in- 
quiry, and gone in advance of science, leaving nothing for 
systematic investigation to do, except to confirm, by formal 
proofs, that which has been already long felt and known. 

I have already indicated the sense in which the unity of 
Nature impresses itself on the intelligence of Man. It is 
in that intricate dependence of all things upon each other 
which makes them appear to be parts of one system. And 
even where the connection falls short of dependence, or of 
any visible relation, the same impression of unity is con- 
veyed in the prevalence of close and curious analogies 
which are not the less striking when the cause or the reason 
of them is unknown. 

I propose in this chapter to specify some of the signs of 
unity which the study of Nature has more definitely re- 
vealed, and consider how far they carry us. 

There is one sign of unity which, of itself, carries us 
very far indeed. It is the sign given to us in the ties by 
which this world of ours is bound to the other worlds 
around it. There is no room for fancy here. The truths 
which have been reached in this matter have been reached 
by the paths of rigorous demonstration. This earth is part 
of the vast mechanism of the heavens. The force, or 
forces, by which that mechanism is governed are forces 
which prevail not only in our own solar system, but, as 
there is reason to believe, through all Space, and are deter- 
mining, as astronomers tell us, the movement of our sun, 
with all its planets, round some distant centre, of which 
we know neither the nature nor the place. Moreover, these 
same forces are equally prevailing on the surface of this 
earth itself. The whole of its physical phenomena are 
subject to the conditions which they impose. 

If there were no other indications of unity than this, it 
would be almost enough. For the unity which is implied 
in the mechanism of the heavens is indeed a unity which is 
all-embracing and complete. The structure of our own 
bodies, with all that depends upon it, is a structure gov- 
erned by, and therefore adapted to, the same force of gravi- 
tation which has determined the form and the movement of 
myraids of worlds. Every part of the human organism is 
fitted to conditions which would all be destroyed in a 
moment if the forces of gravitation were to change or fail. 
It is, indeed, evident that a force such as this must govern 
the whole order of things in which it exists at all. Every 
other force must work, or be worked, in subordination 
to it. 

Nor is gravitation the only agency which brings home to 
us the unity of the conditions which prevail among the 
worlds. There is another : Light — that sweet and heavenly 
messenger which comes to us from the depths of Space, 
telling us all we know of other worlds, and giving us all that 
we enjoy of life and beauty on our own. And there is one 
condition of unity revealed by Light which is not revealed by 
gravitation. For, in respect to gravitation, although we have 
an idea of the measure, we have no idea of the method, of its 
operation. We know with precision the numerical rules 
which it obeys, but we know nothing whatever of the way 
in which its work is done. But in respect to Light, we have 
an idea not only of the measure, but of the mode of its 
operation. In one sense, of course, Light is a mere sensa- 
tion in ourselves. But when we speak of it as an external 
thing, we speak of the cause of that sensation. In this 
sense, Light is a wave or an undulatory vibration, and such 
vibrations can only be propagated in a medium which, 
however thin, must be material. Light, therefore, reveals 
to us the fact that we are united with the most distant 
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worlds, and with all intervening space, by some ethereal 
atmosphere, which embraces and holds them all. More- 
over, the enormous velocity with which the vibrations of 
this atmosphere are propagated proves that it is a substance 
of the closest continuity, and of the highest tension. The 
tremors which are imparted to it by luminous bodies rush 
from particle to particle at the rate of 186,000 miles in a 
second of time ; and thus, although it is impalpable, intan- 
gible, and imponderable, we know that it is a medium infi- 
nitely more compact than the most solid substance which can 
be felt and weighed. It is very difficult to conceive this, be- 
cause the waves or tremors which constitute Light are not 
recognizable by any sense but one : and the impressions of 
that sense give us no direct information on the nature of the 
medium by which those impressions are produced. We 
cannot see the luminiferous medium except when it is in 
motion, and not even then, unless that motion be in a cer- 
tain direction toward ourselves. When this medium is at 
rest we are in utter darkness, aud so are we also when its 
movements are rushing past us, but do not touch us. The 
luminiferous medium is, therefore, in itself, invisible ; and 
its nature can only be arrived at by pure reasoning — reason- 
ing, of course, founded on observation, but observation ot 
rare phenomena, or of phenomena which can only be seen 
under those conditions which Man has invented for analyz- 
ing the operations of his own most glorious sense. And 
never, perhaps, has Man's inventive genius been more sig- 
nally displayed than in the long series of investigations which 
first led up to the conception, and have now lurnished the 
proof, that Light is nothing but the undulatory movement 
of a substantial medium. It is very difficult to express in 
language the ideas upon the nature of that medium which 
have been built up from the facts of its behavior. It is diffi- 
cult to do so, because all the words by which we express 
the properties of Matter refer to its more obvious phenomena 
—that is to say, to the direct impressions which Matter 
makes upon the senses. And so, when we have to deal 
with forms of Matter which do not make any impressions 
of the same kind — forms of matter which can neither be 
seen, nor felt, nor handled, which have neither weight, nor 
taste, nor smell, nor aspect — we can only describe them by 
the help of analogies as near as we can find. But as regards 
the qualities of the medium which causes the sensation of 
Light, the nearest analogies are remote, and what is worse, 
they compel us to associate ideas which elsewhere are so 
dissevered as to appear almost exclusive of each other. It is 
now more than half a century since Dr. Thomas Young 
astonished and amused the scientific world by declaring of 
the luminiferous medium that we must conceive of it as 
finding its way through all Matter as freely as the air moves 
through a grove of trees. This suggests the idea of an ele- 
ment of extreme tenuity. But that element cannot be 
said to be thin in which a wave is transmitted with 
the enormous velocity of Light. On the contrary, 
its molecules must be in closest contact with each 
other when a tremor is carried by them through a thickness 
of 186,000 miles in a single second. Accordingly, Sir J. 
Herschel has declared that the luminiferous ether must be 
conceived of not as an air, nor as a fluid, but rather as a 
solid — " in this sense at least, that its particles cannot be 
supposed as capable of interchanging places, cr of bodily 
transfer to any measurable distance from their own special 
and assigned localities in the universe." 2 Well may Sir J. 
Herschel add that "this will go far to realize (in however 
unexpected a form) the ancient idea of a chrystalline orb." 
and thus the wonderful result of all investigation is that 
this earth is in actual rigid contact with the most distant 
worlds in space— in rigid contact, that is to say, through a 
medium which touches and envelops all, and which is in- 
cessantly communicating from one world to another the 
minutest vibrations it receives. 

The laws, therefore, and the constitution of Light, even 
more than the law of gravitation, carry up to the highest 
degree of certainty our conception of the Universe as one ; — 
one, that is to say, in virtue of the closest mechanical con- 
nection, and of the prevalence of one universal medium. 

Moreover, it is now known that this medium is the vehicle 
not only of Light but also of Heat, whilst it has likewise a 
special power of setting up, or of setting free, the myste- 

"2 Familiar Lectures on Scientific Subjects," p. 285. 



rious action of chemical affinity. The beautiful experiments 
have become familiar by which these three kinds of ethereal 
motion can be separated from each other in the solar spectrum, 
and each of them can be made to exhibit its peculiar effects. 
With these again the forces of galvanism and electricity 
have some very intimate connection, which goes far to indi- 
cate like methods of operation in some prevailing element. 
Considering how all the forms of Matter, both in the organic 
and in the inorganic worlds, depend on one or other, jr on 
all of these — considering how Life itself depends upon 
them, and how it flickers or expires according as they are 
present in due proportion — it is impossible not to feel that 
in this great group of powers, so closely bound up together, 
we are standing very close indeed to some pervading, if not 
universal, agency in the mechanism of Nature. 

This close connection of so many various phenomena 
with different kinds of movement in a single medium is by 
far the most striking and instructive discovery of modern 
science. It supplies to some extent a solid physical basis, 
and one veritable cause, for part, at least, of the general im- 
pression of unity which the aspects of Nature leave upon 
the mind. For all work done by the same implement 
generally carries the mark of that implement, as it were of 
a tool, upon it. Things made of the same material, what- 
ever they may be, are sure to be like in those characteristics 
which result from identical or from similar properties and 
modes of action. And so far, therefore, it is easy to under- 
stand the constant and close analogies which prevail in that 
vast circle of phenomena which are connected with Heat, 
Light, Electricity, Chemical and Vital Action. 

But although the employment of one and the same agency 
in the production of a variety of effects is, no doubt, one 
cause of the visible unity which prevails in Nature, it is not 
the only cause. The same close analogies exist where no 
such identity of agency can be traced. Thus the mode in 
which the atmosphere carries Sound is closely analogous to 
to the mode in which the ether carries light. But the ether 
and the atmosphere are two very different agents, and the 
similarity of the laws which the undulations of both obey 
is due to some other and some more general cause of unity 
than identity of material. This more general cause is to be 
found, no doubt, in one common law which determines the 
forms of motion in all Matter, and especially in highly 
elastic media. 

But, indeed, the mere physical unity which consists in 
the action of one great vehicle of power, even if this were 
more universally prevalent than it is known to be, is but 
the lowest step in the long ascent which carries us up to a 
unity of a more perfect kind. The means by which some 
one single implement can be made to work a thousand dif- 
ferent effects, not only without interference, and without 
confusion, but with such relations between it and other 
agents as to lead to complete harmonies of result, are 
means which point to some unity behind and above the 
implement itself — that is to say, they point to some unity 
in the method of its handling, in the management of the 
impulses which, receiving, it conveys, and in the arrange- 
ment of the materials on which it operates. 

No illustration can be given of this higher kind of unity 
which is half so striking as the illustration which is afforded 
by the astonishing facts now familiar as to the composition 
of solar light. When we consider that every color in the 
spectrum represents the motion of a separate wave or rip- 
ple, and that in addition to the visible series there are 
other series, one at each end of the luminous rays, which 
are non-luminous, and therefore invisible — all of which 
consist of waves equally distinct ; when we consider farther 
that all these are carried simultaneously with the same 
speed across millions of miles ; that they are separable, and 
yet are never separated ; that they are more accurately to- 
gether, without jostling or confusion, in perfect combina- 
tion, yet so that each shall be capable of producing its own 
separate effect — it altogether transcends our faculties of 
imagination to conceive how movements of such infinite 
complication can be united in one such perfect order. 

And be it observed that the difficulty of conceiving this is 
not diminished, but increased, by the fact that these move- 
ments are propagated in a single medium ; because it is 
most difficult to conceive how the particles of the medium 
can be so arranged as to be capable of conveying so many 
<■ different kinds of motion with equal velocities and at the 
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same instant of time. It is clear that the unity of effect 
which is achieved out of this immense variety of movements 
is a unity which lies altogether behind the mere unity of 
material, and is traceable to some one order of arrangement 
under which the original impulses are conveyed. We know 
that in respect to the waves of Sound, the production of 
perfect harmonies among them can only be attained by a 
skillful adjustment of the instruments," whose vibrations 
are the cause and the measure of the aerial waves which, in 
their combination, constitute perfect music. And so, in 
like manner, we may be sure that the harmonies of Heat, 
Light, and Chemical Action, effected as they are amongst an 
infinite number and variety of motions, very easily capable 
of separation and disturbance, must be the result of some 
close adjustment between the constituent element of the 
conveying medium and the constituent elements of the 
luminous bodies, whose complex, but joint, vibrations con- 
stitute that embodied harmony which we know as Light. 
Moreover, as this adjustment must be close and intimate 
between the properties of the ether and the nature of the 
bodies whose vibrations it repeats, so also must the same 
adjustment be equally close between these vibrations and 
the properties of Matter on which they exert such a power- 
ful influence. And when we consider the number and the 
nature of the things which this adjustment must include, 
we can, perhaps, form some idea what a bond and bridge it 
is between the most stupendous phenomena of the heavens 
and the minutest phenomena of earth. For this adjust- 
ment must be perfect between these several things — first, 
the flaming elements in the sun which communicate the dif- 
ferent vibrations in definite proportion ; next, the constitu- 
tion of the medium, which is capable of conveying them 
without division, confusion, or obstruction ; next, the con- 
stitution of our own atmosphere, so that neither shall it dis- 
tort, nor confuse, nor quench the waves ; and, lastly, the 
constitution of those forms of Matter upon earth which 
respond, each after its own laws, to the stimulus it is so made 
as to receive from the heating, lighting, and actinic waves. 
In contemplating this vast system of adjustment, it is 
important to analyze and define, so far as we can, the im- 
pression of unity which it makes upon us, because the real 
scope and source of this impression may very easily be mis- 
taken. It has been already pointed out that we can only see 
likeness by first seeing difference, and that the full perception 
of that in which things are unlike is essential to an accurate 
appieciation of that in which they are the same. The classi- 
fying instinct must be strong in the human mind, from the 
delight it finds in reducing diverse things to some one com- 
mon definition. And this instinct is founded on the power 
of setting differences aside, and of fixing our attention on 
some selected conditions of resemblance. But we must 
remember that it depends on our width and depth of vision 
whether the unities which we thus select in Nature are the 
smallest and the most incidental, or whether they are the 
largest and the most significant. And, indeed, for some 
temporary purposes — as, for example, to make clear to our 
minds the exact nature of'the facts which science may have 
ascertained — it may be necessary to classify together, as 
coming under one and the same category, things as differ- 
ent from each other as light from darkness. Nor is this 
any extreme or imaginary case. It is a case actually exem- 
plified in a lecture by Professor Tyndall, which is entitled 
" The Identity of Light and Heat." Yet those who have 
attended the expositions of that eminent physical philo- 
sopher must be familiar with the beautiful experiments 
which show how distinct in another aspect are Light and 
Heat ; how easily and how perfectly they can be separated 
from each other; how certain substances obstruct the one 
and let through the other ; and how the fiercest heat can be 
raging in the profoundest darkness. Nevertheless, there is 
more than one mental aspect, there is more than one 
method of conception, in terms of which these two separa- 
ble powers can be brought under one description. Light 
and Heat, however different in their effects — however distinct 
and separable from each other — can both be regarded as 
" forms of motion " among the particles of Matter. More- 
over, it can be shown that both are conveyed or caused by 
waves, or undulatory vibrations in one and the same ethe- 
real medium. And the same definition applies to the 
chemical rays, which again are separable and distinct from 
the rays both of Light and Heat. 



But although this definition maybe correct as far it goes, 
it is a definition nevertheless which slurs over and keeps 
out of sight distinctions of a fundamental character. In 
the first place, it takes no notice of the absolute distinction 
between Light or Heat considered as sensations ot our or- 
ganism, or as states of consciousness, and Light or Heat 
considered as the external agencies which produce these 
sensations in us. Sir W. Grove has expressed a doubt 
whether it is legitimate to apply the word " Light " at all to 
any rays which do not excite the sense of vision. This, 
however, is not the distinction to which I now refer. If it 
be an ascertained fact, or if it be the only view consistent 
with our present knowledge, that the ethereal pulsations 
which do, and those which do not, excite in us the sense of 
vision, are pulsations exactly of the same kind and in ex- 
actly the same medium, and that they differ in nothing but 
in periods of time or length of wave, so that our seeing of 
them or our not seeing of them depends on nothing but the 
focusing, as it were, of our eyes, then the inclusion of them 
under the same word Light involves no confusion of thought. 
We should confound no distinction of importance, for ex- 
ample, by applying the same name to grains of sand which 
are large enough to be visible, and to those which are so 
minute as to be wholly invisible even to the microscope. 
And if a distinction of this nature — a mere distinction of 
size, or of velocity, or of form of motion, were the only 
distinction between light and heat — it might be legitimate 
to consider them as identical, and to call them by the same 
name. But the truth is there are distinctions between 
them of quite another kind. Light, in the abstract con- 
ception of it, consists in undulatory vibrations in the pure 
ether, and in these alone. They may or may not be visible — 
that is to say, they may or may not be within the range of 
our organs of vision, just as a sound may or may not be 
too faint and low, or too fine and high, to be audible to our 
ears. But the word "heat" carries quite a different mean- 
ing, and the conception it conveys could not be covered 
under the same definition as that which covers light. Heat 
is inseparably associated in our minds with, and does 
essentially consist in, certain motions, not of pure ether, 
but of the molecules of solid or ponderable matter. These 
motions in solid or ponderable matter are not in any sense 
identical with the undulatory motions of pure ether which 
constitute light ; consequently when physicists find them- 
selves under the necessity of defining more closely what 
they meant by the identity of heat and light, they are 
obliged to separate between two different kinds of heat — 
that is to say, between two wholly different things, both 
coyered under the common name of heat — one of which 
is really identical in kind with light, and the other of 
which is not. " Radiant " heat is the kind, and the only 
kind of heat, which comes under the common definition. 
"Radiant" heat consists in the undulatory vibrations of 
pure ether which are set up or caused by those other 
vibrations in solid substances or ponderable matter, which 
are heat more properly so called. Hot bodies communicate 
to the surrounding ethereal medium vibrations of the same 
kind with light, some of these being, and others not being, 
luminous to our eyes. Thus we see that the unity or close 
relationship which exists between heat and light is not a 
unity of sameness or identity, but a unity which depends 
upon and consists in correspondences between things in 
themselves different. It has been suggested that the facts 
of nature would be much more clearly represented in lan- 
guage if the old word " Caloric " were revived, in order to 
distinguish one of the two very different things which are 
now confounded under the common term " Heat " — tha 
is to say, heat considered as molecular vibration in solid or 
ponderable matter, and heat considered as the undulatory 
vibrations of pure ether which constitute the "heat" 
called "radiant." Adopting this suggestion, the relations 
between light and heat, as these relations are now known 
to science, may be thrown into the following propositions, 
which are framed for the purpose of exhibiting distinctions 
not commonly kept in view : 

I. Certain undulatory vibrations in pure ether alone are 
light ether (i) visible, or (2) invisible. 

II. These undulatory vibrations in pure ether alone not 
Caloric. 

III. No motions of any kind in pure ether alone are 
Caloric. 
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IV. Caloric consists in certain vibratory motions in the 
molecules of ponderable matter or substances grosser than 
the ether, and these motions are not undulatory. 

V. The motions in ponderable matter which constitute 
Caloric set up or propagate in pure ether the undulatory 
vibrations which constitute light. 

VI. Conversely the undulatory vibrations in pure ether 
which constitutes Light set up or propagate in grosser matter 
the motions which are Caloric. 

VII. But the motions in pure ether which are Light cannot 
set up or propagate in all ponderable matter equally the 
motions which are Caloric. Transparent substances allow 
the ethereal undulations to pass through them with very little 
Caloric motion being set up thereby ; and if there were any 
substance perfectly transparent, no Caloric motion would be 
produced at all. 

VIII. Caloric motions in ponderable matter can be and are 
set up or propagated by other agencies than the undulations 
of ether, as by friction, percussion, &c. ! 

IX. Caloric, therefore, differs from Light in being (i)mo- I 
tion in a different medium or in a different kind of matter ; | 
(2) in being a different kind of motion ; (3) in being produc- I 
ible without, so far as known, the agency of Light at all. I 
say " so far as known," because as the luminiferous ether 
is ubiquitous, or as, at least, its absence cannot anywhere be 
assumed, it is possible that in the calorific effects of percus- 
sion, friction, &c, undulations of the ether may be always 
an essential condition of the production of Caloric. 

It follows from these propositions that there are essential 
distinctions between Light and Heat, and that the effect of 
luminiferous undulations or " Radiant" Heat in producing 
Caloric in ponderable matter depends entirely upon, and 
varies greatly in accordance with, the constitution or struc- 
ture of the substances through which it passes, or upon 
which it plays. 

The same fundamental distinction applies to those ethereal 
undulations which produce the effects called Chemical. 
No such effects can be produced upon substances except ac- 
cording to their special structure and properties. Their 
effect, for example, upon living matter is absolutely different 
from the effect they produce upon matter which does not 
possess vitality. The forces which give rise to chemical af- 
finity are wholly unknown. And so are those which give 
rise to the peculiar phenomena of living matter. The rays 
which are called Chemical may have no other part in the re- 
sult than that of setting free the molecules to be acted upon 
by the distinct and separate forces which are the real sources 
of chemical affinity. 

What, then, have we gained when we have grouped to- 
gether, under one common definition, such a variety of 
movements and such a variety of corresponding effects? 
This is not the kind of unity which we see and feel in the 
vast system of adjustments between the sun, the medium 
conveying its vibrations, and the effect of' these on all the 
phenomena of earth. The kind of unity which is impressed 
upon us is neither that of a mere unity of material, nor of 
identity in the forms of motion. On the contrary, this kind 
of unity among things so diverse in all other aspects is a 
bare intellectual apprehension, only reached as the result of 
difficult research, and standing in no natural connection 
with our ordinary apprehension of physical truth. For our 
conception of the energies with which we have to deal in 
Nature must be molded on our knowledge of what they do, 
far more than on any abstract definition of what they are ; 
or rather, perhaps, it would be more correct to say that 
our conception of what things are can only be complete 
in proportion as we take into our view the effects which 
they produce upon other things around them, and espe- 
cially upon ourselves, through the organs by which we 
are in contact with the'external world. If in these effects 
any two agencies are not the same — if they are not even 
alike — if, perhaps, they are the very antithesis of each other 
— then the classification which identifies them, however cor- 
rect it may be, as far as it goes, must omit some character- 
istics which are much more essential than those which it 
includes. The most hideous discords which can assail the 
ear, and the divinest strains of heavenly music, can be re- 
garded as identical in being both a series of sonorous 
waves. But the thought, the preparation, the concerted 
design — in short, the unity of mind and of sentiment, on 



which the production of musical harmony depends, and 
which it again conveys with matchless power of ex- 
pression to other minds — all this higher unity is con- 
cealed and lost if we do not rise above the mere 
mechanical definition under which discords and harmon- 
ies can nevertheless be in this way correctly classed to- 
gether. And yet so pleased are we with discoveries 
of this kind, which reduce, under a common method 
of conception, things which we have been accustomed to 
regard as widely different, that we are apt to be filled with 
conceit about such definitions, as if we had reached in them 
some great ultimate truth on the nature of things, and as if 
the old aspects in which we had been accustomed to re- 
gard them were by comparison almost deceptive ; whereas, 
in reality, the higher truth may well have been that which 
we have always known, and the lower truth that which we 
have recently discovered. The knowledge that Light and 
Heat are separable, that they do not always accompany 
each other, is a truer and juster conception of the relation 
in which they stand to us, and to all that we see around us, 
than the knowledge that they are both the same in respect 
of their being both " modes of motion." To know the work 
which a machine does is a fuller and higher knowledge 
than to know the nature of the materials of which its parts 
are composed, or even to perceive and follow the kind of 
movement by which its effects are produced. And if there 
be two machines which, in respect to structure and move- 
ment and material, are the same, or closely similar, but 
which, nevertheless, produce totally different kinds of 
work, we may be sure that this difference is the most real 
and the most important truth respecting them. The new 
aspects in which we see their likeness are less lull and less 
adequate than the old familiar aspects in which we regard 
them as dissimilar. 

But the mind is apt to be enamored of a new conception 
of this kind, and to mistake its place and its relative im- 
portance in the sphere of knowledge. It is in this way, 
and in this way only, that we can account for the tendency 
among some scientific men to exaggerate beyond all 
bounds the significance of the abstract definitions which 
they reach by neglecting differences of work, of function, and 
of result, and by fixing their attention mainly on some 
newly discovered likeness in respect to form, or motion, 
or chemical composition. It is thus that because a partic- 
ular substance called " Protoplasm " is found to be pres- 
ent in all living organisms, an endeavor follows to get rid 
of Life as a separate conception, and to reduce it to the 
physical property of this material. The fallacy involved 
in this endeavor needs no other exposure than the 
fact that, as the appearance and the composition of this 
material is the same whether it be dead or living, the Pro- 
toplasm of which such transcendental properties are af- 
firmed has always to be described as " living " protoplasm. 
But no light can be thrown upon the facts by telling us 
that life is a property of that which lives. The expression 
for this substance which has been invented by Professor 
Huxley is a better one — the " Physical Basis of Life." It 
is better because it does not suggest the idea that Life is a 
mere physical property of the substance. But it is, after 
all, a metaphor which does not give an adequate idea of the 
conceptions which the phenomena suggest. The word 
"basis" has a distinct reference to a mechanical support, 
or to the principal substance in a chemical combination. 
At the best, too, there is but a distant and metaphorical 
analogy between these conceptions and the conceptions 
which are suggested by the connection between Protoplasm 
and Life. We cannot suppose Life to be a substance sup- 
ported by another. Neither can we suppose it to be like a 
chemical element in combination with another. It seems 
rather like a force or energy which first works up the inor- 
ganic materials into the form of protoplasm, and then con- 
tinues to exert itself through that combination when 
achieved. We call this kind of energy by a special name, 
for the best of all reasons, that it has special effects, differ- 
ent from all others. It often happens that the philosophy 
expressed in some common form of speech is deep and 
true, whilst the objections which are made to it in the name 
of science are shallow and fallacious. This is the case 
with all those phrases and expressions which imply that 
Life and its phenomena are so distinguishable from other 
things that they must be spoken of by themselves. The 
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objection made by a well-known writer, 3 that we might as 
well speak of " a watch force" as of "a vital force," is an 
objection which has no validity, and is chargeable with the 
great vice of confounding one of the clearest distinctions 
which exist in Nature. The rule which should govern 
language is very plain. Every phenomenon or group 
Of phenomena which is clearly separate from all others, 
should have a name as separate and distinctive as 
itself. The absurdity of speaking of a "watch force" 
lies in this — that the force by which a watch goes 
is not separable from the force by which many other 
mechanical movements are effected. It is a force which 
is otherwise well-known and can be fully expressed in other 
and more definite terms. That force is simply the elasticity 
of a coiled spring. But the phenomena of Life are not due 
to any force which can be fully and definitely expressed in 
other terms. It is not purely chemical, nor purely me- 
chanical, nor purely electrical, nor reducible to any other 
more simple and elementary conception. The popular use, 
therefore, which keeps up separate words and phrases by 
which to describe and designate the phenomena of Life, is 
a use which is correct and thoroughly expressive of the 
truth. There is nothing more fallacious in philosophy than 
the endeavor by mere tricks of language, to suppress and 
keep out of sight the distinctions which Nature proclaims 
with a loud voice. 

It is thus, also, that because certain creatures widely 
separate in the scale of being may be traced back to some 
embryonic stage, in which they are undistinguishable, it 
has become fashionable to sink the vast differences which 
must lie hid under this uniformity of aspect and of material 
composition under some vague form of words in which the 
mind makes, as it were, a covenant with itself not to think 
of such differences as are latent and invisible, however 
important we know them to be by the differences of result 
to which they lead. Thus it is common now to speak of 
things widely separated in rank and functions being the 
same, only "differentiated," or "variously conditioned." 
In these, and in all similar cases, the differences which 
are unseen, or which, if seen are set aside, are often of in- 
finitely greater importance than the similarities which are 
selected as the characteristics chiefly worthy of regard. If, 
for example, in the albumen of an egg there be no discern- 
ible differences either of structure or of chemical composi- 
tion, but if, nevertheless, by a mere application of a little 
heat, part of it is *' differentiated" into blood, another part 
of it into flesh, another part of it into bone, another part of 
it into feathers, and the whole into one perfect organic 
structure, it is clear that any purely chemical definition of 
this albumen, or any purely mechanical definition of it, 
would not merely fail of being complete, but would abso- 
lutely pass by and pass over the one essential character- 
istic of vitality which makes it what it is, and determines 
what it is to be in the system of Nature. 

Let us always remember that the more perfect may be 
the apparent identity between two things which afterwards 
become widely different, the greater must be the power and 
value of those invisible distinctions — of those unseen fact- 
ors — which determine the subsequent divergence. These 
distinctions are invisible, not merely because our methods 
of analysis are too coarse to detect them, but because ap- 
parently they are of a nature which no physical dissection 
and no chemical analysis could possibly reveal. Some 
scientific men are fond of speaking and thinking of these 
invisible factors as distinctions due to differences in 
" molecular arrangement," as if the more secret agencies 
of Nature gave us the idea of depending on nothing else 
than mechanical arrangement — on differences in the shape 
or in the position of the molecules of matter. But this is 
by no means true. No doubt there are such differences — 
as far beyond the reach of the miscroscope as the differ- 
ences which the microscope does reveal are beyond the 
reach of our unaided vision. But we know enough of the 
different agencies which must lie hid in things apparently 
the same to be sure that the divergences of work which 
these agencies produce do not depend upon, or consist in, 
mere differences of mechanical arrangement. We know 
enough of those agencies to be sure that they are agencies 
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which do, indeed, determine both arrangement and compo- 
sition, but do not themselves consist in either. 

This is the conclusion to which we are brought by facts 
which are well known. There are structures in Nature 
which can be seen in the process of construction. There 
are conditions of matter in which its particles can be seen 
rushing under the impulse of invisible forces to take their 
appointed place in the form which to them is a law. Such 
are the facts visible in the processes of crystallization. 
In them we can see the particles of matter passing 
from one "molecular condition" to another; and it is 
impossible that this passage can be ascribed either to 
the old arrangement which is broken up, or to the 
new arrangement which is substituted in its stead. 
Both structures have been built up out of elementary 
materials by some constructive agency which is the 
master and not the servant — the cause and not the con- 
sequence of the movements which are effected, and of 
the arrangement which is their result. And if this be true 
of crystalline forms in the mineral kingdom, much more 
is it true of organic forms in the animal kingdom. Crystals 
are, as it were, the beginnings of Nature's architecture, her 
lowest and simplest forms of building. But the most com- 
plex crystalline forms which exist — and many of them are 
singularly complex and beautiful — are simplicity itself com- 
pared with the very lowest organism which is endowed with 
Life. In them, therefore, still more than in the formation of 
crystals, the work of " differentiation " — that is to say, the 
work of forming out of one material different structures for 
the discharge of different functions — is the work of agencies 
which are invisible and unknown ; and it is in these agencies, 
not in the molecular arrangements which they cause, that 
the essential character and individuality of every organism 
consists. Accordingly in the development of seeds and of 
eggs, which are the germs of plants and animals respectively, 
the particles of matter can be traced moving, in obedience to 
forces which are unforseen, from "molecular conditions " 
which appear to be those of almost complete homogeneity 
to other molecular conditions which are of inconceivable 
complexity. In that mystery of all mysteries, of which 
physicists talk so glibly, the living " nucleated cell," the 
great work of creation may be seen in actual operation, not 
caused by "molecular condition," but determining it, and, 
from elements which to all our senses, and to all our means 
of investigation, appear absolutely the same, building up the 
molecules of Protoplasm, now into a sea-weed, now into a 
cedar of Lebanon, now into an insect, now into a fish, now 
into a reptile, now into a bird, now into a man. And in 
proportion as the molecules of matter do not seem to be the 
masters but the servants here, so do the forces which dis- 
pose of them stand out separate and supreme. In every 
germ this development can only be "after its kind." The 
molecules must obey ; but no mere wayward or capricious 
order can be given to them. The formative energies seem to 
be as much under command as the materials upon which 
they work. For, invisible, intangible, and imponderable as 
these forces are — unknown and even inconceivable as they 
must be in their ultimate nature — enough can be traced of 
their working to assure that they are all closely related to 
each other, and belong to a system which is one. Out of 
the chemical elements of Nature, in numerous but definite 
combinations, it is the special function of vegetable life to 
lay the foundations of organic mechanism ; whilst it is the 
special function of animal life to take in the materials thus 
supplied, and to build them up into the highest and most 
complicated stuctures. This involves a vast cycle of opera- 
tions, as to the unity of which we cannot be mistaken — for 
it is a cycle of operations obviously depending on adjust- 
ments among all the forces both of solar and terrestrial 
physics — and every part of this vast series of adjustments 
must be in continuous and unbroken correlation with the 
rest. 

Thus every step in the progress of science which tends to 
reduce all organisms to one and the same set of elementary 
substances, or to one and the same initial structure, only 
adds to the certainty with which we conclude that it is upon 
something else than composition, and upon something else 
than structure, that those vast differences ultimately depend 
which separate so widely between living things in rank, in 
function and in power. And although we cannot tell what 
that something is — although science does not as yet even 
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tend to explain what the directive agencies are or how they 
work — one thing, at least, is plain : that if a very few ele- 
mentary substances can enter into an untold variety of 
combinations, and by virtue of this variety can be made to 
play a vast variety of parts, this result can only be attained 
by a system of mutual adjustments as immense as the vari- 
ety it produces, as minute as the differences on which it de- 
pends, and as centralized in direction as the order and har- 
mony of its results. And so we come to understand that 
the unity which we see in Nature is that kind of unity 
which the mind recognizes as the result of operations sim- 
ilar to its own — not a unity which consists in sameness of 
material, or in identity of composition, or in uniformity of 
structure, but a unity which consists in similar principles of 
action — that is to say, in like methods of subordinating a 
few elementary forces to the discharge of special functions, 
and to the production, by adjustment, of one harmonious 
whole. 

And of this unity, we who see it, and think of it, and 
speak of it — we are part. In body and in mind we belong 
to it, and are included in it. It is more easy to admit this 
as a general proposition than really to see it as truth and to 
accept all the consequences it involves. The habitual atti- 
tude of our thoughts is certainly not in accordance with it. 
We look on " Nature " as something outside of us — some- 
thing on which we can look down, or to which we can look 
up, according to our mood ; but in any case, something in 
which we are exceptions, and which we can and ought to 
regard from an external point of view. It may be well, 
therefore, to consider a little more carefully " Man's place 
in Nature " — his share and position in that unity which he 
sees and feels around him. 



AN IMPROVED MICROTOME. 

By Wm. Hailes, M.D., Professor of Histology and P^th. Anat., 
Albany Medical College. 

This instrument is designed especially for use in the 
working laboratories of our medical schools and colleges, 
where large numbers of sections are required for micro- 
scopical examination. 

It may be employed 2s a simple instrument or as a freez- 
ing microtome, arranged for ice and salt — ether spray, 
rhigoline, etc., etc. 

The employment of ice and salt (coarse) is preferred, be- 
cause it costs but little and freezes the mass solidly and 
quickly, and, if desired, 500 or 1000 sections can be ob- 
tained in a few moments' time of freezing is about seven 
minutes, except in very warm weather when it requires a 
few moments longer. 

The instrument does not work so satisfactorily in warm 
weather, owing to the rapid melting of the surface of the 
preparation. It is absolutely necessary that the mass 
should be frozen solid, or the sections cannot be cut 
smoothly. 

An extra freezer may be employed, and while one speci- 
men is being cut the other may be frozen, and by exchang- 
ing cylinders (they being interchangeable), no delay is 
necessary to its continuous operation. 

The art of cutting is readily acquired, and when the pre- 
paration is frozen it is the work of a few moments to obtain 
several hundred sections. Two hundred sections, or 
more, if 'desired, can be made each minute, and of a uniform 
thickness of about ?ko of an inch (thinner or thicker, from 
about 7 Atj inch to about *io inch, according as pointer is 
set). See explanation of cut No. 1. The delivery, ease 
and rapidity with which they can be cut, must be seen in 
order to be appreciated. It is not necessary to remove the | 



sections from the knife every time, but twenty or thirty may 
be permitted to collect upon the blade; they lie curled or 
folded up upon the knife, and when placed in water 
straighten themselves out perfectly in the course of a few 
hours. The knife I employ is an ordinary long knife from 
an amputating case. Perfectly fresh tissues may be cut 
without any previous preparation, using ordinary mucilage 
(acaciae) to freeze in, but most specimens require special 
preparation. If preserved in Mtiller's fluid, alcohol, etc.. 
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Fig. 1.— Poly-microtome (without freezing apparatus). A, small well, 
fitting on pyramidal bed-plate; B, pyramidal bed-piate containing 
different sizes; C, micrometer screw; D, ratchet-wheel attached to 
screw; E, lever actuating the micrometer screw by means of a pawl 
engaging in teeth of ratchet-wheel; F, arm carrying a dog, which 
prevents back motion of screw ; G, regulator for limiting the throw of 
lever, and consequently governing the micrometer screw ; H, lever nut 
for fixing regulator; I, index, with pointer and graduated scale, from 
g4 * Q inch to ^-jj inch ; K, knife for cutting sections ; L, knob to turn 
micrometer screw direct when pawls are detached ; M, table clamp; T, 
table cf microtome, with glass top to facilitate cutting. 

Fig. 2. — A, £, tube containing specimen which is surrounded by freezing 
mixture in tin receiver C, D ; E, F, revolving hopper with wings ; W, W, 
for stirring the ice ; G, outlet for melted ice. 

they require to be washed several hours in running water ; 
then, according to the suggestion of my friend, Dr. David 
J. Hamilton, F. R. C.S., etc.,* University of Edinburgh, 
Scotland, the specimen is placed in a strong syrup (sugar, two 
ounces ; water, one ounce), for twentv-four hours, and is 
removed to ordinary mucilage acaciae for forty-eight hours, 
and is then cut in the freezing microtome. 

The sections may be kept indefinitely in a preservative 
fluid : Rglycerinae, § iv ; aquas destil § iv ; acidi carbolici 
gtt, iii ; boil and filter. (Dr. Hamilton). The addition of 
alcohol, I ij, is advisable. 



* See " A New Method of Preparing Large Sections of Nervous Cen- 
tres for Microscopical Investigation."— Journal 0/ A nat. and Phys.. VoL 
XII. 



